We determine the mod-p cohomology ring and some of the integral cohomology ring structure of a p-group expressible as an extension with kernel cyclic of order p and quotient C p m 0 C p n, where m, n > 1. § 1. Introduction
§ 1. Introduction
Let p denote an odd prime and let P m n be the group with presentation of the form where C = <C> = C p and L = (A, B} = C p m X C p n. In this paper we shall determine the mod-p cohomology ring and some of the integral cohomology ring structure of P m n when m,n>l. For the case when m = n = 1, P ltl is the non-abelian group of order p 3 and exponentp, and the integral and mod-p cohomology rings of P l { are known (see [4] , [5] , [7] ). We note that for £ = 3 and m, n > 1, Leary in [6] has obtained the Poincare series of H*(P m n , F 3 ). Let G = P m> " where m, n > 1. It is clear that we may assume, without loss of generality, that m > n > 2. In section 2 of this paper we shall review some facts on Massey products. Then in section 3, we shall use Massey products to define some generators of degree two in the mod-p cohomology ring of G and to determine some of the relations involving these generators. This explicit use of Massey products to obtain the cohomology ring structure has been demonstrated by Leary in [3] and [5] . We remark here that the mod-p cohomology ring structure of G turns out to be less complicated than that for the case m = n = 1 (see Theorem 3.1) .
It is more difficult to determine the integral cohomology ring of G. In section 4 of this paper we shall use the mod-p cohomology ring of G obtained in section 3 to determine the additive structure of the ring H*(G,Z) and some of its multiplicative relations. § 2. Massey Products
In [3, 5] , Leary showed how Massey products can be used to define some generators of low degrees in a mod-p cohomology ring and to obtain some of the relations involving these generators. Leary went on to show in [6] that the image of the differential d± in the Lyndon-Hochschild-Serre (LHS) spectral sequence (with W p coefficients) of certain central extensions involves a Massey product. Since then, Clark ( [2] ) used matric Massey products, which are generalisations of Massey products, to determine the mod-2 cohomology ring of the group £7 3 (4).
In this section we shall review the definition and some properties of Massey products. Most of what follows in this section can be found in [3] .
Let R be a commutative ring with identity on which G acts trivially (G here is an arbitrary finite group). For u e H* (G, #), we write ( -1) M for ( -l) deg ". Let P = CP* f fl) be the standard or bar resolution of F, over W P G and let C = (C*, 0) be the cochain complex where C* = Hom FG 
We are now ready to determine the mod-p cohomology ring of G. For degree reasons, it follows that d, = 0 for £ > 3. Therefore the spectral sequence collapses at £ 3 , that is, E^ = E 3 .
Now consider the bigraded Poincare series P 3 (£, £') of the £ 3 -page of the spectral sequence, that is,
We have
Then since the spectral sequence collapses at £ 3 , it follows that the Poincare series of#*(G,F,) is
By abuse of notation, let x lt x 2 , y lf y z and v denote the generators in the ring H*(G,W P ) which correspond to the generators of the same name in E 3 = E 00 . Clearly, the relation x\ = x\ = x^x 2 
Taking the product of (3.1) with x 1 and making use of the fact that x^y^z and are F^-linearly independent, it follows that a l , a 2 = 0 (modp). Therefore, = a^y 2 C£T(G, Z) ® z Fj) and P(f) = E f > 0 ^ dim^/TCG, F^,). That is, P(0 is the Poincare series ofH*(G, F^). The following relation between P(£) and 0(0 has been proven in [1] . We give a proof here for the sake of completeness.
Lemma 4.1. By inspection, we have the structure of E 2 as follows: is non-zero. But since all the generators of £ 2 2j '~2 l~rll2l~2 survive to E x (by Proposition 4.6), it follows that no non-zero element of E^'-i (z > 2) can be hit by any of the differentials in the spectral sequence. We thus have that the subring generated by a and 0 in H* (G, 1) We have shown that all the generators of the £ 4 -page of the spectral sequence survive to £"00. Therefore the LHS spectral collapses at E 4 .
Next we obtain some of the multiplicative relations in the ring H*(G, Z). Since pft = pv -pe l = pe 2 z#/zgrg jR 7 zs some term in degree 1.
Remark. The integral cohomology of the group P m n was also studied in [9] . In his paper, N. Yagita considered the LHS spectral sequence for the extension and showed that the spectral sequence collapses at E 2 (see Theorem 2.4 in [9] ) .
The author also notes that some of the integral cohomology ring structure of P 2 2 for p > 5 has been obtained in [8] by extending the circle technique of Leary ([3] ). In the mod-pease, the cohomology ring of P m " obtained in [8, Theorem 6] for the primep > 5 is contained in Theorem 3.1 of this paper.
